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Abstract
Fundus-oriented perimetry (FOP) was used to evaluate the effectiveness of different-sized bright and dark stimuli in detecting
and quantitatively measuring angioscotoma. The foveolas and optic disks of digitized fundus images were aligned with their
psychophysical counterparts to construct individual grids of perimetric stimuli. Each grid included a linear set of test point
locations crossing a retinal vessel. Angioscotomas immediately became visible in nine of 13 healthy normal volunteers tested with
FOP. Additional mathematical processing of local loss of differential light sensitivity (dls) disclosed an angioscotoma for at least
one stimulus condition in all persons tested. The angioscomas were usually deeper for small (12%) targets than for large (32%) ones.
On the other hand, the overall noise at dls thresholds was generally higher for small than for large stimuli regardless of whether
the stimuli were bright or dark. No noteworthy differences were found in detection rates or signal-to-noise ratios under different
stimulus conditions (dark:bright:small:large). FOP permits the individual arrangement of stimuli for specific morphological
conditions and is thus capable of detecting even minute visual field defects such as angioscotomas. © 1999 Elsevier Science Ltd.
All rights reserved.
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1. Introduction
Angioscotomas are usually regarded as a nuisance,
particularly because they resemble unstable, minor
nerve fiber bundle defects. Because of their small size,
however, angioscotomas can serve as accurate indica-
tors of the quality of perimetric procedures, especially
regarding spatial resolution. This is important in the
functional assessment and follow-up of minute mor-
phological retinal lesions, e.g. slit-like nerve fiber layer
defects or circumscribed vascular or inflammatory pro-
cesses. Recent publications and our own unpublished
results indicate that regional concentrations of stimuli
are useful and effective in detecting circumscribed mor-
phological lesions (Tuulonen, Lehtola & Airaksinen,
1993; Be´chetoille, 1996; Langerhorst, Carenini, Bakker
& De Bie-Raakman, 1997; Orzalesi, Miglior, Lonati &
Rossetti, 1998).
Fundus-oriented perimetry (FOP) can correlate
morphology with function by individually ‘tailoring’
perimetric test point arrangements to ophthalmo-
scopic fundus findings. In addition, stimulus density
can be increased locally, and numerous reversals are
possible. This ensures precision and reliability in
the psychophysical measurement of circumscribed re-
gions of interest. FOP can be carried out with both
bowl perimeters and flat screens, i.e. in perimetry
and campimetry. However, in contrast to con-
ventional perimetric methods, in which test points
must be brighter than the surrounding background,
FOP monitors can present dark (‘off’) stimuli as
well.
This study addressed the following questions:
(1) Does target size affect the depth and width of
angioscotomas?
(2) Which type of stimulus yields the best signal-
to-noise ratio for angioscotomas, i.e. the best ratio
of scotoma depth to threshold variability?
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(3) To what extent do angioscotoma differ from the
‘underlying’ morphological cause?
2. Methods
FOP superimposes an individually designed perimet-
ric grid onto the digitized image of an ocular fundus.
The procedure has been described in detail elsewhere
(Schiefer & Witte, 1996; Schiefer, Stercken-Sorrenti,
Dietrich, Friedrich & Benda, 1996a; Schiefer, Stercken-
Sorrenti, Dietrich, Selig, Benda & Friedrich, 1996b). It
is basically adaptable for all conventional bowl-type
projection perimeters, provided that they are capable of
importing digital image data from a network, diskette,
photo-CD, or other storage medium.
The procedure has been incorporated into the Tu¨bin-
gen Computer Campimeter (TCC). It was run in this
study on a Power PC (Apple Inc., Cupertino, CA) to
which three monitors were connected:
(1) The ‘Stimulus monitor’: Stimuli were presented
on a high-resolution, true-colour monitor (CALIBRA-
TOR, Barco Inc., Kortriyk, Belgium). The monitor had
been calibrated by means of a mobile luminance meter
to ensure homogeneity of the background and lumi-
nance stimuli over the entire surface of the monitor
(Dietrich et al. (1996). Maximum luminance of the
monitor after calibration was 68 cd m2, and minimum
luminance was 0.2 cd m2. A four-point (‘red dia-
mond’) fixation target was gradually faded into the
center of the screen. Stimulus duration was 200 ms.
(2) The fixation monitor: fixation was supervised with
this video display unit. An infrared (IR) video camera
attached to the chin and head rest permitted depiction
of gaze movements on the monitor. In addition, the
signals of the video camera were sampled every 40 ms
by a specially designed computer graphic board which
recorded position and horizontal diameter of the pupil.
There was no automatic correction for eye movements.
(3) The control monitor: this monitor showed actua-
tion of the examination process, displayed the perimet-
ric grid, and showed the progress and results of the
examination. The monitor was also used to depict and
process digitized fundus images and to create individual
stimulus grids by superimposing them.
As mentioned, FOP correlates morphology and func-
tion by using two characteristic landmarks (i.e. the
blind spot and the center of the visual field, Bek &
Lund-Andersen, 1990). In this way a digitized fundus
image can be graphically displayed and processed by
means of inversion along the horizontal and vertical
axes. After superimposition, the center of the visual
field is manually aligned horizontally or vertically with
the foveola of the digitized fundus image. The blind
spot, which has been initially identified by manual
perimetry, is then superimposed onto the optic disk of
the digitized fundus image. This activates rotatory and
zoom functions for the fundus image. Subsequently, a
fundus-oriented arrangement of test points can be indi-
vidually created on the screen of the control monitor.
In this study, 24 test points 6% apart were arranged in
a line across a single retinal vessel on digitized fundus
images of young normal subjects. The profile section
was nearly perpendicular to the center of the visual
field, making it possible to describe the position of the
vessel as a function of eccentricity. Another 24 test
points were positioned along the vertical or horizontal
meridians, and two more stimuli were situated in the
center and near the blind spot region of the visual field
(see Fig. 1, bottom). The size of the stimuli was set to
12% or 32%. Both bright (increment) and dark (decre-
ment) targets were presented, resulting in four stimulus
conditions: 12%-bright, 12%-dark, 32%-bright, and 32%-dark
test points.
The superimposed fundus image also provided a
landmark for manual perimetry or ‘angioscotometry’ of
the vascular region with a very small (8%), bright target
(see arrows in Fig. 1 and Fig. 2a and b).
The examination itself began after digital storage of
the individually created perimetric grid. A total of 12%
of the stimulus presentations (i.e. 4% each for false–
positive, false–negative, and fixation checks) were used
as catch trials. Fixation was checked by presenting
targets 5 dB above the initially estimated dls threshold
at the center of the visual field. A maximum of two
perimetric examinations was carried out during each
session. Examination sequences were randomized using
the four stimulus conditions mentioned above.
Differential light sensitivity (dls) levels vary in the
literature, since baseline values differ from one publica-
tion to another. However, this shift is only linear, since
a logarithmic scale is used, and the relative depth of
angioscotomas in relation to the surrounding dls level
therefore remains comparable for both dark and bright
stimuli.
Differential light sensitivity was calculated in the
present study with a modified Weber’s formula
(Menage, 1997) by relating the absolute luminance dif-
ference between the actual stimulus and the back-
ground (DL ) to a the background luminance of 10 cd
m2. The absolute value of DL made it possible to
define dls results for both bright and dark stimuli with
one and the same formula:
dls [dB]10 log (10 cd m2: DL ).
A baseline value of 10 cd m2 was chosen to yield
identical dB-values for dark and bright test points with
identical absolute luminance differences in relation to
background luminance.
The dB scale for dark stimuli is physically limited to
0 dB (minimum luminance of the monitor for ‘black
test points’maximum contrast). According to the
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Fig. 1. Bottom: fundus image of a normal subject with superimposed perimetric grid. Top: Profile of differential light sensitivity (dls) along a line
of test points crossing a retinal vessel. The angioscotoma, i.e. the dip in the dls profile, is marked by a  . The arrow shows the scotoma position
determined by manual kinetic perimetry, the circle and crosshairs show the location and diameter of the retinal vessel derived topographically from
the fundus image with the Littmann formula (Littmann, 1988), see also Fig. 2a and b.
above-mentioned formula, bright stimuli with a lumi-
nance difference of more than 10 cd m2 are character-
ized by negative dB values. Differential light sensitivity
never exceeded 7.00 dB in the present study because
of the restricted luminance level of the TCC monitor
(560 cd m2). Local dls was designated by * and was
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Fig. 2. Profile sections of dls along lines of test points in the regions of the retinal vessels in another 12 normal subjects under various stimulus
conditions. Obvious angioscotomas for at least one profile section are marked by  , those with a questionable depression of local dls by ?. The
horizontal black and gray lines show the methodologically achievable minimum of differential light sensitivity for black and white stimuli,
respectively. Local dls was marked by * and set to 10 dB for all situations, in which none of the bright stimulus presentations at a given
location were perceived. Local dls was marked by * and set to 7 dB for all situations, in which none of the dark stimulus presentations at a
given location were perceived.
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Fig. 2. (Continued)
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Table 1
Mean, median and maximal proportions of false answers to false positive, false negative and fixation controls for the four given stimulus
conditions.
12% bright 32% dark12% dark 32% bright
0.02 0.03Mean 0.010.02
0.00 0.000.000.00False-positive Median
0.08 0.11Maximum 0.12 0.06
0.020.02 0.000.04Mean
0.00 0.00False-negative Median 0.00 0.00
0.000.140.200.20Maximum
0.12 0.01Mean 0.03 0.01
0.000.000.050.00False control Median
0.63 0.05Maximum 0.050.29
set to 10 dB whenever none of the bright stimuli
were perceived at a given location (see left ordinate); it
was designated with * and set to 7 dB when no dark
stimuli were perceived at a given location (see right
ordinate). However, values for deeper visual field de-
fects would have been possible for both types of
stimuli.
A modified 4-2-1 strategy with four reversals (the
‘two- button yes-:no- method of inquiry’, see Lutz,
Dietrich, Benda, Selig, Schiefer & Daum, 1996) was
used in this study. Thresholds were assessed with the
maximum likelihood method, based on a logistic regres-
sion model (‘logit analysis’). Two procedures were used
alternately:
(a) Single threshold estimation: Each dls threshold
was calculated at every stimulus location, and the indi-
vidual results were then collated (see Fig. 1, top, and
Fig. 2a and b). Instances of circumscribed dls depres-
sion (\5 dB) in at least one profile section were rated
as obvious angioscotoma and marked with  . The
value of 5 dB was chosen since as it also serves as a
cut-off criterion in conventional threshold-oriented,
supraliminal perimetry. Instances of a localized depres-
sion between 2.5 and 5 dB in at least one profile section
were rated as questionable angioscotomas and marked
with a question mark (?).
(b) One-step angioscotoma estimation: The probabil-
ity of test stimulus perception was described as a func-
tion of intensity and location (see Figs. 4–8), for
example as follows:
If 8 is the distance from a test point on a line across
a retinal vessel to a fixed point of reference on this line,
the threshold near the vessel can be described by:
m(8)ab 8h

tanh
8c
d:2
2n
1

where ab 8 describes the linear trend of the
threshold near the vessel and next to the scotoma, c the
center of angioscotoma, and h the scotoma depth at the
center. Scotoma width, defined here as the diameter of
the local depression at 24% of its maximal depth
(Benda, Schiefer & Dietrich, 1996), is given by d.
Stimulus detection can be described by a logistic regres-
sion model with threshold m dependent on stimulus
localization as described above. s, representing the
global spread of the logistic regression, provides a
measurement of threshold variability or the patient’s
uncertainty in describing the ‘noise’ during the an-
gioscotoma search. Thus the relation of scotoma depth
h to global spread s provides a measure of signal-to-
noise ratio (i.e. h:s), cf. Benda et al., 1996.
Statistical analysis was carried out with the program
JMP™ 3.1.6 program (SAS Institute Inc., Cary, NC,
USA).
3. Results
3.1. Single thresholds estimations
Angioscotomas were clearly visible for at least one
stimulus condition in nine of the 13 subjects and were
therefore rated as detected by FOP (Fig. 1 and Fig. 2a
and b). Each of the remaining four cases showed ques-
tionable angioscotomas for at least one stimulus condi-
tion. A misalignment in test point arrangement
occurred in one instance (Patient 3) due to a dis-
crepancy between the results of FOP and manual
perimetry (angioscotometry).
Individual dls estimations did not differ notably for
bright and dark stimuli of a given diameter (see Fig. 1
and Fig. 2). As the figures show, dls values were
generally higher for 32%-stimuli than for 12%-stimuli.
This was true for both bright and dark test points.
Especially in the case of the 12%-stimuli it must be
remembered that the dynamic range was methodologi-
cally restricted (dark stimuli: minimum value 0 dB,
bright stimuli: minimum value :7.00 dB!).
Table 1 shows mean, median and maximum proper-
ties of false answers to false positive, false negative and
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Fig. 3. Retest reliability of FOP: Five consecutive examinations (dark stimuli, 12%) of one person (subject 8); all were carried out on another day
(see also Fig. 2).
fixation checks. The median seems to be most effective
in comparing these results but shows no relevant
changes for the four given stimulus conditions.
Using a 12% dark stimulus, FOP found the same
angioscotoma in each of five reliability tests conducted
once daily on one volunteer (Subject 8) for 5 successive
days. As Fig. 3 shows, scotoma positions varied by less
than 1° in this subject.
3.2. One-step angioscotoma estimation
Since evaluation of profile sections is inevitably quite
subjective, an alternative method (Benda et al., 1996)
was applied: the entire curve of a profile section was
estimated on the basis of each single measurement
value (see Figs. 4–8). This procedure was free of sub-
jective interpretation. It proved capable of describing a
scotoma under all four stimulus conditions in seven
subjects, and under at least one stimulus condition in
all tested persons. It outlined a scotoma in 12 subjects
when the bright 32%-stimulus was used and in ten sub-
jects under all the other stimulus conditions (see Figs.
4–6).
Angioscotoma depths decreased as stimulus diameter
increased. This was true of all bright and most dark test
points (Fig. 4). Friedman’s two-way ANOVA showed a
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Fig. 4. Angioscotoma depth estimations (h) of 13 normal subjects with bright and dark stimuli of various diameters in the ‘one-step estimation’
procedure (see text). Note that angioscotoma description was impossible under some conditions.
significant difference for the four stimulus conditions
(n0.034). The relative approximate standard error of
maximum likelihood estimation ranged from 7 to 75%
of the corresponding estimate (median: 19%).
When bright stimuli were used, angioscotoma width
generally increased as stimulus diameters increased.
However, there was no uniform trend in the case of
dark targets (Fig. 5). Angioscotoma width was usually
somewhat greater than the diameter of the causative
retinal vessel, which was estimated with the Littmann
formula (Littmann, 1988). This was true in eight of 11
cases with the bright 32%-stimuli and in nine of ten
evaluable cases with the dark 12%-stimuli. However,
Friedman’s two-way ANOVA did not show significant
differences among the four stimulus conditions (n
0.068).
With few exceptions, the calculated positions of ves-
sels corresponded well with subjectively estimated loca-
tions of angioscotomas (Fig. 6; see also Fig. 1 and Fig.
2a and b). When estimated by kinetic perimetry and
FOP, the deviation was never more than 1.3° and did
not exceed 0.5° in most cases (eight of 13; Fig. 6).
The noise of profile sections was estimated by the
global spread parameter s via logistic regression (see
Fig. 7). There were significant differences among the
four stimulus conditions (n0.00046; Friedman’s two-
way ANOVA). In most cases, noise was lower for large
stimuli than for small ones; this was true of both bright
and dark targets. The relative approximate standard
error of maximum likelihood estimation ranged from
13 to 20% (median 15%) of the corresponding estimate.
However, signal-to-noise ratio (h:s) showed no con-
sistent dependency on target size (32% vs. 12%) and target
luminance characteristics (i.e. bright vs. dark) (Fig. 8).
Friedman’s two-way ANOVA yielded a n-value of 0.69
for the four stimulus conditions. The relative approxi-
mate standard error of maximum likelihood estimation
ranged from 15 to 77% (median 23%) of the corre-
sponding estimate.
4. Discussion
Perimetric assessment of angioscotomas was once
regarded as a clinically important diagnostic procedure
for acquiring additional information on intraocular
pressure (glaucoma), intracranial pressure, and vascular
or hemo-rheological conditions (Dashevsky, 1938;
Welt, 1945; Goldmann, 1947; Abe, 1968). At present,
however, visual field defects caused by retinal vessels
tend to be viewed as physiologically induced nuisance
effects (Chauhan, Henson & Hobley, 1988; Safran,
Halfon, Safran & Mermoud, 1995). Nonetheless, the
small size of angioscotomas makes them useful for
assessing the quality of perimetry with high spatial
resolution (Ha¨berlin, Funkhouser & Fankhauser, 1983;
Zulauf, 1988, 1990a,b; Fitzke & McNaught, 1994;
Safran et al., 1995; Remky, Beausencourt & Elsner,
1996a). This is important for functional assessment and
the follow-up of minute morphological retinal lesions,
e.g. slit-like nerve fiber layer defects or circumscribed
processes of a vascular or inflammatory nature. How-
ever, it should be noted that there are differences in
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Fig. 5. Angioscotoma width estimations of 13 normal subjects with bright and dark stimuli of various diameters using the ‘one-step estimation’
procedure. The diameters of retinal vessels (derived topographically from the fundus image with the Littman formula (1988)) are marked by 
(see also Fig. 4).
‘pathogenesis’: the visual field defects just mentioned
result from a structural and:or functional impairment
of retinal elements, whereas a masking of (normal)
photoreceptors takes place in angioscotomas.
Weekers and Humblet (1945) stated that ‘‘…a sco-
toma—corresponding to the projection of a single reti-
nal vessel in the field—is no longer physiological and
has to be regarded with certainty as a pathological
neuro-scotoma as soon as it becomes as large as 2–
3°…’’. The scotomas detected in the present study
fulfilled this requirement: their maximum width, as
defined by the formula used in one-step angioscotoma
estimation, was 2° (see Fig. 5).
Perimetric efficiency increases when test points are
concentrated in circumscribed regions of interest. This
has recently become feasible via FOP, which utilizes
individual morphological data (Schiefer & Witte, 1996;
Schiefer et al., 1996a,b). However, this method may be
affected by artifacts from eye or head movements, since
it is not directly related to the actual fundus image.
This is all the more so in the presence of fixation
instability (Eizenman, Trope, Fortinsky & Murphy,
1992; Rohrschneider, Becker, Kruse, Fendrich & Vo¨l-
cker, 1995a; Safran et al. 1995; Schiefer et al. 1996a).
On the other hand, minimum (often rotatory) eye
movements (tremor: 10–15ƒ, drifts: 1–6% as well as
‘microsaccades’ (Baumgartner, Bornschein, Hanitzsch,
Jung, Kornhuber, Rentschler et al., 1978)) are essential
for avoiding local adaptation and the Troxler phe-
nomenon, respectively (Troxler, 1804; Cibis, 1965; Spill-
mann & Kurtenbach, 1992).
Although campimetry can ensure exact presentation
of test points on a monitor, precision in aiming at them
was restricted in this study by the comparatively small
screen of the control monitor: a shift of only one pixel
on this monitor resulted in a displacement of 0.2° (the
size of a minor retinal vessel) on the stimulus monitor.
This threatened both the quality of kinetic perimetry
and the superimposition of a perimetric grid onto a
given fundus image. Since no more than two examina-
tions were carried out in any session, additional dis-
placements were also possible due to maladjustment.
Nevertheless, re-tests in a healthy subject on 5 different
days confirmed that FOP has good reproducibility (see
Fig. 3). The precision of the method was also under-
scored by the fact that scotoma locations found with
manual (‘static’) perimetry and FOP usually differed by
less than 1°.
Although perimetric procedures with direct fundus
monitoring—e.g. with the SLO—are capable in princi-
ple of avoiding the above-mentioned problems (Tim-
berlake, Mainster, Webb, Hughes & Trempe, 1982;
Schneider, Kuck, Inhoffen & Kreissig, 1993; Sjaarda,
Frank, Glaser, Thompson & Murphy, 1993; Stu¨rmer,
1993; Miglior, Rossetti, Brigatti, Bujtar & Orzalesi,
1994; Hudson, Frambach & Lopez, 1995;
Rohrschneider, Fendrich, Becker & Vo¨lcker, 1995b;
Straub, Kroll & Ku¨chle, 1995; Sunness, Schuchard,
Shen, Rubin, Dagnelie & Haselwood, 1995; Remky et
al., 1996a; Remky, Elsner, Morandi & Beausencourt,
1996b; Nishida & Kani, 1997; Rohrschneider, Glu¨ck,
Burk, Kruse & Vo¨lcker, 1997), they cannot be directly
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Fig. 6. Angioscotoma eccentricity in 13 normal subjects under various stimulus conditions using the ‘one-step estimation’ procedure. Scotoma
positions determined by manual perimetry and the locations and diameters of retinal vessels (derived topographically from fundus image with the
Littmann formula (Littmann, 1988)) are marked by  and , respectively (see also Fig. 4).
adapted to conventional perimeters and continue to
struggle with technical restrictions (comparatively small
field of examination, structurally inhomogeneous back-
ground). Moreover, even SLO perimetry is affected by
eye movements (Remky et al., 1996a). Automatic fun-
dus tracking programs to correct such deviations ‘on-
line’ before and during stimulus presentation are still in
the development stage.
The sizes and depths of angioscotomas induced by
major retinal vessels in this study corresponded well
with results obtained in other studies which used con-
ventional white-on-white perimetry (bright test points)
(Weekers & Humblet, 1945; Ha¨berlin et al., 1983; Zu-
lauf, 1988, 1990a,b; Safran et al., 1995). Scotoma
widths derived ‘visually’ in this study from profile sec-
tions (single threshold estimation, Fig. 1 and Fig. 2a
and b) were somewhat smaller than those found by
Zulauf (1988) with 1–2°. This may have been due to
the higher resolution (‘mesh density’) of test point
arrangements used in the present study. Angioscotoma
widths estimated by the above mentioned mathematical
‘one step’ procedure in the present study tended to be
even smaller. However, the mathematical steps used to
describe angioscotoma width here were adjusted to a
pre-defined depth and therefore did not assess the total
diameter of the visual field defects (see Section 2).
Ha¨berlin et al. (1983) found angioscotoma widths on
the order of 0.6°, and angioscotoma depths of up to 10
dB. Zulauf (1988) found angioscotoma depths of up to
8 dB. Both in his report and in the present study,
increasing the diameters of stimuli usually resulted in
minor local dls reductions in the angioscotoma region
(see Fig. 1, Fig. 2 (a and b) and Fig. 4). This was
probably due to the fact that test targets with diameters
equal to or greater than those of retinal vessels under-
going examination stimulate sensitive retinal regions
just outside the deepest shadow, i.e. in the ‘penumbra’
region of the vascular structure. A similar phenomenon
has been described in the case of glaucomatous visual
field defects (Zalta & Burchfield, 1990). Bek and Lund-
Andersen (1989) showed comparable results for detec-
tion of the blind spot with stimuli of different sizes.
However, scotoma areas in the above-mentioned publi-
cations were much larger than those caused by retinal
vessels investigated in this study.
Using fundus perimetry with an SLO, Remky et al.
(1996a) detected smaller scotoma depths (0.1–5 dB)
than those found in the above-mentioned studies. This
was probably due to differences in experimental condi-
tions (e.g. test strategy, stimulus colour).
Smaller (12%-) targets used in this study were usually
characterized not only by more pronounced angiosco-
toma depths but also by a larger overall spread than
that of the larger (32%-) test points. Therefore both
quantities—i.e. scotoma depth and spread parame-
ter—were incorporated into the results via signal-to-
noise ratio. The present study showed no relevant
influence of target size on this ratio (see Fig. 8).
To the authors’ knowledge, this study was the first to
use bright and dark stimuli for the detection of an-
gioscotoma with a single campimetric device. The mon-
itors used in this study were far superior to
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Fig. 7. General uncertainty in estimation (noise) s as a function of scotoma depth (h). Examination of 13 normal subjects with bright and dark
stimuli of various diameters using the ‘one-step estimation’ procedure (see also Fig. 4).
conventional illumination techniques in generating test
points which were darker than the surrounding back-
ground (Aulhorn, 1964). However, careful calibration
was required in order to guarantee reproducible homo-
geneous background and stimulus luminance conditions
(Dietrich et al., 1996).
The Tu¨bingen Computer Campimeter (TCC) uses
symmetric dB scales for bright and dark stimuli (at
least for luminance differences [DL ] between 910 cd
m2). For purposes of comparison, the luminance val-
ues both bright and dark test points in this study were
therefore related to the background luminance—i.e. 10
cd m2. The reduced dynamic range of the dark stimuli
may have impaired the detection and mathematical
characterization of angioscotomas: adding 10 cd m2
to the background luminance level led to a compara-
tively small increment in the luminance scale for bright
stimuli, whereas subtracting the same value produced
the ‘darkest possible’ (absolutely black) value on the
dark stimulus scale. This was especially true for the
small, dark test points, which were presented with
higher contrasts (i.e. ‘darker’) than their counterparts
with greater diameters. This phenomenon can be
viewed as a disturbing factor in both the single-
threshold as well as the one-step angioscotoma estima-
tion procedures.
Identical contrast thresholds for incremental and
decremental stimuli are to be expected in the absence of
stray light, whereas contrast thresholds for dark stimuli
in the presence of stray light should be lower than those
for bright ones. This study showed no relevant differ-
ences between black and white stimuli on rates of
angioscotoma detection or signal-to-noise ratios. This
was to be expected, since scatter is negligible in the eyes
of healthy young individuals and the intensity of stray
light decreases with the distance from the visual axis
(Miller & Benedek, 1973).
Cohn (1974) proposed that increment thresholds
should exceed decrement thresholds due to assym-
metries of the increment and decrement Poisson-distri-
butions. However, these differences decline as
background luminance is increased; this is especially
true for the photopic conditions of the experiments
described here.
Mutlukan (1993, 1994a,b, 1995) was more successful
in detecting glaucomatous visual field defects with dark
test points than with bright targets of similar size.
However, in contrast to the present study, he used
different devices to present both dark and bright
stimuli.
The questions addressed in Section 1 can therefore be
answered as follows:
(1) Smaller targets usually lead to more pronounced
angioscotoma depths but also to greater overall spread
than that of larger test points. Angioscotoma widths
were not significantly influenced by target size.
(2) Signal-to-noise ratios showed no consistent de-
pendence on target size and target luminance (i.e. incre-
mental vs. decremental stimuli).
(3) Angioscotoma locations correspond well with
those of the causative morphological structure (i.e.
retinal vessel). Angioscotoma width was usually some-
what greater than the estimated diameter of the
causative retinal vessel.
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Fig. 8. Signal-to-noise ratio h:s in 13 normal subjects with bright and dark stimuli of various diameters using the ‘one-step estimation procedure’
(see also Fig. 4).
5. Conclusions
Fundus-oriented perimetry proved to be an effective
procedure for detecting even minute visual field defects
such as angioscotomas.
Neither variation of stimulus size nor luminance
characteristics (increment vs. decrement) showed clear
advantages in respect to detection rates or signal-to-
noise ratios for this type of scotoma.
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